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STACKED CHIP-PACKAGING STRUCTURE 



DESCRIPTION 

BACKGROUND OF THE INVENTION 
[Paral] Field of the Invention 

[Para 2] The present invention relates to a chip-packaging structure, and 
more particularly to a stacked chip-packaging structure. 

[Para 3] Description of the Related Art 

[Para 4] With the progress of highly developed integrated circuit (IC) 
technologies, integration of internal circuits of IC chips steadily increases. As 
a result, number of transistors held in internal circuits of IC chips increases 
relatively, and sectional area of wires in the internal circuits of IC chips reduces 
accordingly. As the packaging technologies being continuously improved, 
various chip-packaging structures have been developed, including chip- 
packaging structures of ball grid array (BGA) structure and of multi-chip 
packaging module. Wherein, the BGA structure has advantages of high pin 
count and high reliability, while the multi-chip packaging module has shorter 
transfer route and better electronic properties. Such technical features make it 
possible to further reduce the space that the chip-packaging structure 
occupies, and therefore these packaging technologies could be widely applied 
in production of electronic devices. 

[Para 5] FIG. 1 is a schematic view of a conventional chip-packaging 
structure. The chip-packaging structure 100, through wire bonding for 
example, consists essentially of a substrate 1 1 0, a chip 1 20, a plurality of 
wires 1 30, a molding compound 1 40, and a plurality of solder balls 1 50. The 
substrate 1 1 0 is made of, for example, ceramic, glass, or plastics. The 
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substrate 1 10 contains alternately stacked multiple conducting layers (not 
shown) and multiple insulating layers (not shown), while two adjacent 
conducting layers are separated by an insulating layer, and the conducting 
layers are electrically connected one another through conductive via or plating 
through hole. In addition, the top surface 1 1 Oa and the bottom surface 1 1 Ob 
of the substrate 1 1 0 have respectively a plurality of upper contacts 1 1 2 and a 
plurality of lower contacts 1 14, while the upper contact 1 1 2 is electrically 
connected to the lower contact 1 14 through the conducting layers in the 
substrate 1 1 0. Moreover, a chip 1 20 is disposed on the top surface 1 1 Oa of 
the substrate 1 10, while the chip 1 20 has an active surface 1 22, and a plurality 
of bonding pads 1 24 (usually aluminum pads) are disposed on the periphery of 
the active surface 1 22. The bonding pads 1 24 are connected, through wire 
bonding by the wires 1 30, to the contacts 1 1 2 on the substrate 1 1 0, wherein 
the wires 1 30 are made of gold, for example. 

[Para 6] The wires 1 30, the chip 1 20, and the upper contacts 1 1 2 on the 
substrate 1 1 0 are enclosed by the molding compound 1 40 for the protection 
of the chip 1 20 and the wires 1 30. The solder balls 1 50, made of Sn/Pb alloy 
for example, are disposed on the lower contacts 1 14. Wherein, the solder 
balls 1 50 serve as contact points of the chip-packaging structure 1 10 to 
contact with external electronic devices (e.g., printed circuits or 
motherboards). The solder balls 1 50 are disposed in a surface array 
distribution on the bottom surface 1 1 Ob of the substrate 1 1 0, so that the 
chip-packaging structure 100 becomes a BGA packaging structure with high 
pin count. 

[Para 7] FIG. 2 shows a conventional multi-chip packaging module. In the 
packaging structure, a plurality of chip-packaging units, 200(a) and (b) (only 
two units are shown), are disposed on the same carrier 210, wherein the chip- 
packaging units 200 are of a BGA type for example, and are sequentially 
disposed on the carrier 210. Therefore, the chip-packaging units 200(a) and 
(b) can be electrically connected by internal wires (not shown) of the carrier 
210, so as to construct a packaging structure of multi-chip module, such as a 
dynamic random access memory (DRAM) module. 
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[Para 8] It is worthy of notice tPiat, when the number of the chip-packaging 
units increases, the requisite supporting area on the carrier increase 
accordingly, which makes, for example, the assembled multi-chip packaging 
module to have a long bar or a flat plate structure. Therefore, it is a challenge 
to develop appropriate chip-packaging technologies to create certain chip- 
packaging structures containing more chip-packaging to meet the needs for 
fabricating a chip-packaging structure with high pin count and a structure of 
multi-chip packaging module. 

SUMMARY OF THE INVENTION 

[Para 9] In view of the above, the present invention is directed to provide a 
stacked chip-packaging structure for stacking multi-chip packaging units on 
the top of a single chip-packaging unit so as to achieve the purpose of multi- 
chip packaging. 

[Para 1 0] The present invention is also directed to provide a stacked chip- 
packaging structure using BGA solder balls to connect the stacked chip- 
packaging units to obtain a chip-packaging structure having a high pin count. 

[Para 1 1] According to a preferred embodiment of the present invention, the 
stacked chip-packaging structure consists of a plurality of stacked chip- 
packaging units, while each of the chip-packaging units includes a substrate, a 
chip, a plurality of wires, a molding compound, and a plurality of solder balls. 
Wherein, the substrate has a plurality of upper contacts and a plurality of lower 
contacts, while the upper contacts are electrically connected to the lower 
contacts respectively. The chip is disposed on the substrate, and the chip has 
a plurality of inner contacts and a plurality of outer contacts, while the inner 
contacts are electrically connected to the outer contacts respectively. In 
addition, the wires are connected respectively to the upper contacts and the 
inner contacts, the molding compound covers the wires, the chip and the 
upper contacts of the substrate, and the molding compound has an opening to 
expose the outer contacts of the chip. Moreover, the solder balls are 
respectively connected to the lower contacts, and are connected to one of the 
outer contacts of the stacked chip-packaging units. 
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[Para 1 2] According to the preferred embodiment, tPie above-mentioned outer 
contacts are disposed in the central area on the surface of the chip, and the 
inner contacts are disposed in the periphery area on the surface of the chip. 
The outer contacts are disposed, for example, in a surface array distribution, 
the inner contacts are disposed corresponding to the lower contacts, and the 
lower contacts are also disposed in a surface array distribution in the central 
area of the surface of the substrate. 

[Para 1 3] In the above-mentioned embodiment, the chip-packaging units are 
in a BGA packaging structure, and the substrate is made ofceramic, glass or 
plastics. In addition, the chip has thereon a plurality of bonding pads and a 
redistribution layer, and the bonding pads are respectively connected, through 
the redistribution layers, to one of the inner contacts as well as one of the 
outer contacts. 

[Para 14] In conclusion, this invention adopts a BGA structure with a high pin 
count, wherein the adjacent stacked chip-packaging units are electrically 
connected through solder balls to reduce the length of connection between the 
packaging units and thus reduce the probability of signal transferring delay. 
In addition, the structural improvements of this invention are useful to reduce 
the space occupied by the stacked chip-packaging structure. 

[Para 1 5] It is to be understood that both the foregoing general description 
and the following detailed description are exemplary, and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[Para 1 6] FIG. 1 is a schematic view showing a conventional chip-packaging 
structure. 

[Para 1 7] FIG. 2 is a schematic view showing a conventional multi-chip 
packaging module. 

[Para 1 8] FIGs. 3A and 3B are disassembled and assembled views, 
respectively, illustrating a stacked chip-packaging structure according to a 
preferred embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[Para 1 9] FIG. 3A is a disassembled view showing a stacked chip-packaging 
structure according to a preferred embodiment of the present invention. The 
stacked chip-packaging structure 300 consists essentially of a plurality of 
chip-packaging units 302, 304 and 306, each of which consists essentially of a 
substrate 310, a chip 320, a plurality of wires 330, a molding compound 340, 
and a plurality of solder balls 350. Wherein, the substrate 31 0 is made of, for 
example, ceramic, glass, or plastics. The substrate 310 has therein alternately 
stacked multiple conducting layers (not shown) and multiple insulating layers 
(not shown), while two adjacent conducting layers are separated by an 
insulating layer, and the conducting layers are electrically connected one 
another through conductive via or plating through hole. In addition, the top 
surface 31 Oa and the bottom surface 31 Ob of each of the substrates 31 0(a), (b) 
and (c), have respectively at least an upper contact 312 and a lower contact 
314, while the upper contact 31 2 is electrically connected to the lower contact 
314 through the conducting layers in the substrate 310. 

[Para 20] A chip 320 is disposed on the top surface 310a of the substrate 
310, while the chip 320 has an active surface 322, on which a plurality of inner 
contacts 328a and a plurality of outer contacts 328b are disposed. The inner 
contacts 328a are disposed, for example, on the periphery of the active 
surface 322, and the outer contacts 328b are disposed, for example, on the 
central area of the active surface 322, while one of the inner contacts 328a is 
electrically connected to one of the outer contacts 328b through internal 
circuits (not shown) of the chip 320. It is worthy of notice that, in a chip- 
packaging structure with wire bonding for example, the welding pad 324 of 
the chip 320 is usually disposed on the periphery of the active surface 322 for 
convenience in the process of wiring. In this embodiment, the welding pad 
324 is designed, for example, through wiring of a redistribution layer 326 so 
as to be electrically connected to one of the inner contacts 328a and one of 
the outer contacts 328b, respectively, while the inner contacts 328a and the 

Page 5 of 1 6 



File:10792usf 

outer contacts 328b can be disposed respectively on tPie peripPieral surface 
and tPie central surface of the redistribution layer 326. In addition, the wires 
330, made of gold for example, connects through wire bonding the inner 
contacts 328a of the chip 320 and the upper contacts 312 of the substrate 
310, while the inner contacts 328a and the corresponding upper contacts 31 2 
are disposed in a linear of rectangular distribution. In the design of chip 
circuits according to this invention, however, bonding pads may be designed 
to have inner contacts and outer contacts electrically connected to the 
substrate 310 directly, through the wires 330 but not redistribution layer 326. 

[Para 21] In addition, the molding compound 340 encloses the wires 330, the 
chip 320 and the upper contacts 3 1 2 of the substrate 3 1 0 to protect the chip 
320 and the wires 330. The molding compound 340 has, in the central area 
thereof, an opening 342 to expose the outer contacts 328b of the chip 320. 
Moreover, the solder balls 350 are disposed, for example, on the lower 
contacts 314 of the substrate 310, and is connected to the outer contacts 
328b of the chip 320 of another layer, such that the stacked chip units are 
electrically connected. Wherein, the solder balls 350 are made of welding 
materials such as Sn/Pb alloy. The outer contacts 328b are disposed, for 
example, in an array distribution, and the outer contacts 328b are correlated 
with the lower contacts 314, so that the lower contacts s 314 are disposed, 
also in an array distribution, on the central surface area of the substrate 310. 

[Para 22] FIG. 3B is an assembled view showing the stacked chip-packaging 
structure 300. The second to the N'th layers of the chip-packaging units (e.g., 
304 and 306) are sequentially stacked up on the first layer of chip-packaging 
unit 302, where the N can be 2, 3, 4, or more. The solder balls 350 of the 
second layer of the chip-packaging unit 304 is connected to the outer contacts 
328b of the first layer of the chip-packaging unit 304, while the solder balls 
350 of the third layer of the chip-packaging unit 306 are connected to the 
outer contacts 328b of the second layer of the chip-packaging unit 304. 
Additional layers, if any, of chip-packaging units can be similarly stacked up to 
form a desirable stacked chip-packaging structure. Apparently, the stacked 
chip-packaging structure 300 does not need to use a carrier to provide a large 
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supporting area, as in tPie conventional structure, but ratPier uses tPie first layer 
of the chip-packaging unit 302 for the support. Therefore, the stacked chip- 
packaging structure 300 of this invention is in a cylinder shape, as opposed to 
a bar or a flat plate shape of the conventional structures, and the supporting 
area is substantially reduced to miniaturize the chip-packaging structure. 

[Para 23] In addition, each of the chip-packaging units 302, 304 and 306 in 
the stacked chip-packaging structure 300 of this invention adopts a BGA 
structure with a high pin count. The adjacent stacked chip-packaging units, 
(e.g., 302 and 304, or 304 and 306) are electrically connected through solder 
balls 350 so as to reduce the length of connection between the packaging 
units and thus to reduce the probability of signal transferring delay. Moreover, 
a heat dissipating plate 352 can be disposed in the opening 342 of the 
molding compound 340 of the chip-packaging unit 306 of the top layer of the 
packaging structure 300. The heat dissipating plate 350 can conduct rapidly 
the heat from the active surface 322 of the chip 320 to enhance the heat- 
dissipating efficiency of the chip-packaging structure 300. The opening 342 
in the molding compound 340, however, can also be filled up to protect the 
outer contact points that are not used. 

[Para 24] Only one preferred embodiment is described above, but the present 
invention is by no means limited by the described sizes or types of the chip- 
packaging units. The chip-packaging units can be in different sizes and types, 
and each of the chip-packaging units can have a unique function. By adopting 
the stacked structure of this invention, for example, a plurality of DRAM 
modules can be disposed on the lowest layer of a logical circuit module or on 
the top of a central process unit module to obtain a stacked chip-packaging 
structure with multi-functions and multiplex calculation capacity. 

[Para 25] Based on the foregoing, the stacked chip-packaging structure of 
this invention has the following advantages: (1) The stacked chip-packaging 
structure of this invention adopts a BGA structure with high pin count, wherein 
the adjacent stacked chip-packaging units are electrically connected through 
solder balls to reduce the length of connection between the packaging units 
and thus reduce the probability of signal transferring delay; and, (2) because 
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of the structural improvements based on this invention, the space occupied by 
the chip-pacl<aging structure is reduced and thus the entire structure can be 
miniaturized. 

[Para 26] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structures of the present 
invention without departing from the scope or spirit of the invention. In view 
of the foregoing, it is intended that the present invention covers modifications 
and variations of this invention provided they fall within the scope of the 
following claims and their equivalents. 
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